Mar-1S-04 05:25pin Fron-Mosar, Patterson 1 Sheridan L. L P. +713 623 4846 T-530 P. 003/012 F-S73 

PATENT 

Atty. CJkL No. WEAT/044Z.Y1 

IN THE CLAIMS: 



Please cancel claims 40 and 60 and amend the claims as follows: 

25. (Currently Amendec) An apparatus for sensing fluid flow within a pipe, 
comprising: 

an acoustic senjiing device for providing an acoustic signal indicative of the 
speed of sound in the fluid flowing within the pipe, wherein the acoustic 
sensing device Is attached to the outside wall of the pipe; and 

a flow velocity sensing device coupled to the acoustic device comprising an 
a ^av of sensors for providing a - veiocit y signals indicative of the 
pressure variations In tha fluid that travel at app roximatelv a same 
velocity £ s opood of the fluid flowing with i n tho pipe , wherein the flow 
vRlocltv sensing device is attached to the outside wall of the pipe. 

26. (Previously Presen'Bd) The apparatus of claim 25, further comprising an 
optical source optically connected to the apparatus for providing optical power to the 
acoustic sensing device and the flow velocity sensing device. 

27. (Previously Presented) The apparatus of claim 25, further comprising a 
housing attached to the pipe for enclosing the sensing devices. 

28. (Previously Presented) The apparatus of claim 27, wherein the housing 
comprises a pressure vessel. 

29. (Previously Presetted) The apparatus of claim 27, wherein the housing is 
filled with air, nitrogen, or argon. 

30. (Previously Preser ted) The apparatus of claim 25, wherein the pipe is 
sufficiently compliant so ihat the sensing devices may sense the speed of sound In the 
fluid and the speed of the fluid through the wall of the pipe. 
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31 . (Cancel) 

32. (Previously Present^sd) The apparatus of claim 25, wherein the acoustic 
sensing device comprises a plurality of sensors. 

33. (Previously Presentsd) The apparatus of claim 32, wherein the sensors are 
spaced equidistantly apart 

34. (Previously Presented) The apparatus of claim 32, wherein the sensors are 
spaced to sense acoustic: pressure variations traveling at the speed of sound in the 
fluid. 

35. (Previously Presem ed) The apparatus of claim 32, wherein the sensors 
comprise optical fiber senssors. 

36. (Previously Presen:ed) The apparatus of claim 35, wherein each sensor 
comprises at least one coil of optical fiber wrapped around the circumference of the 
pipe. 

37. (Previously Presented) The apparatus of claim 36, wherein each sensor is 
separated by at least one fiber Bragg grating. 

38. (Cancel) 

39. (Currently Amende d) The apparatus of claim 25, wherein the an-ay of 
sensors of flow velocity sensing device comprises a plurality of sensors spaced 
eauidistantiv apart . 

40. (Cancel) 
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41. (Previously PresenfeKi) The apparatus of claim 39. wherein the sensors are 
spaced to sense local pres sure variations traveling with the fluid in the pipe. 

42. (Previously Presentsd) The apparatus of claim 39. wherein the sensors 
comprise optical fiber sensors. 

43. (Previously Present 2d) The apparatus of claim 42, wherein each sensor 
comprises at least one coil of optical fiber wrapped around the circumference of the 
pipe. 

44. (Previously Presented) The apparatus of claim 43, wherein each sensor is 
separated by at least one iber Bragg grating. 

45. (Previously Presented) The apparatus of claim 25. wherein the acoustic 
sensing device and the flow velocity sensing device are coupled by a fiber optic cable. 

46. (Previously Presen:ed) The apparatus of claim 25, wherein the acoustic 
sensing device and the flow velocity sensing device are multiplexed along a common 
fiber optic cable. 

47. (Cun-ently Amended) An apparatus for sensing fluid flow- w i thin a p i po , 

comprising: 

a housing; 

an acoustic sensing device within the housing to sense acoustic pressure 
variations traveling at the speed of sound in the fluid flowing through the 
housing, the acoustic sensing device providing an aoouGtio optical signal 
indicative of the speed of sound in the fluid; and 

a flow velocity sensing device within the housing to c onse comprising an 
an-av of st^nsors to provide signals indicative of local pressure variations 
in the fluki that traveling with the fluid flowing through th o h ousing, the 
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n u uu Mu l uclt' ^n n -i ng li rvinr rr-'iHim "pt i f"^' 'signal indicnthf o n f th o 
v olocity of tl^fei - fluid flow i ng in the pi p e . 

48. (Previously Presented) The apparatus of claim 47, further comprising an 
optical source optically connected to the apparatus for providing optical power to the 
acoustic sensing device and the flow velocity sensing device. 

49. (Previously Presented) The apparatus of claim 47, wherein the housing is 
adapted to attach in line w th the pipe. 

50. (Previously Presenled) The apparatus of claim 47. wherein the housing 
comprises a pressure vessel. 

51. (Previously Presenied) The apparatus of claim 47. wherein the housing is 
filled with air. nitrogen, or argon. 

52. (Previously Presen:ed) The apparatus of claim 47. wherein the pipe is 
sufficiently compliant so that the sensing devices may sense the acoustic pressure 
variations and the local pressure variations through the wall of the pipe. 

53. (Previously Presented) The apparatus of claim 47, wherein the acoustic 
sensing device comprises a plurality of sensors. 

54. (Previously Preserted) The apparatus of claim 53. wherein the sensors are 
spaced equidistantly apatt. 

55. (Previously Presorted) The apparatus of claim 53, wherein the sensors are 
spaced to sense acoust c pressure variations traveling at the speed of sound in the 

fluid. 
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56. (Previously Presenfejd) The apparatus of claim 53. wherein the sensors 
comprise optical fiber sens Drs. 

57. (Previously Presented) The apparatus of claim 56, wherein each sensor 
comprises at least one ccill of optical fiber wrapped around the circumference of the 
pipe. 

58. (Previously Presenlsd) The apparatus of claim 57. wherein each sensor is 
separated by at least one liber Bragg grating. 

59. (Currently Amende(i) The apparatus of daim 47, wherein the an-ay of 
sensors of the flow velocity sensing device comprises a plurality of sensors sgaced 
equidistantiv apart . 

60. (Cancel) 

61. (Previously Presemed) The apparatus of claim 59, wherein the sensors are 
spaced to sense local pressure variations traveling with the fluid in the pipe. 

62. (Previously Presented) The apparatus of claim 59, wherein the sensors 
comprise optical fiber sensors. 

63. (Previously Presented) The apparatus of claim 62, wherein each sensor 
comprises at least one coil of optical fiber wrapped around the circumference of the 
pipe. 

64. (Previously Presented) The apparatus of claim 63, wherein each sensor Is 
separated by at least one fiber Bragg grating. 

65. (Previously Presented) The apparatus of claim 47, wherein the acoustic 
sensing device and the fl 3w velocity sensing device are coupled by a fiber optic cable. 
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66. (Previously Presenti^d) The apparatus of claim 47. wherein the acoustic 
sensing device and the flew velocity sensing device are nnultiplexed along a comnnon 
fiber optic cable. 

67. (Withdrawn) A syst for sensing fluid flowing In a pipe, comprising: 

a first array of optic:al sensors responsive to acoustic pressure variations in the 

fluid; 

a second array of optical sensors responsive to local pressure variations 

traveling with the fluid; anc 

signal processing .jircuitry coupled with the first and second array of optical 
sensors, wherein the signal processing circuitry Is adapted to calculate a speed of 
sound In the fluid based cm light reflected from the first array of optical sensors and to 
calculate a velocity of the fluid based on light reflected from the second array of optical 
sensors. 

68. (Withdrawn) The system of claim 67, wherein the signal processing 
circuitry is further configuiBd to detennlne a phase fraction of one or more constituents 
in the fluid, based on ths calculated speed of sound in the fluid and the calculated 
velocity of the fluid. 

69. (Withdrawn) The ^system of claim 67, wherein the first and second an-ays are 
coupled to the signal proc essing circuit via a common optical fiber. 

70. (Withdrawn) The system of claim 67, wherein optical sensors of the first array 
are spaced farther apart than optical sensors of the second anray. 

71. (Withdrawn) The system of claim 70, wherein optical sensors of the first array 
are spaced approximate y ten times farther apart than optical sensors of the second 

array. 
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72. (Withdrawn) The system of daim 67. wherein the first and second arrays of 
optical sensors each comF-rlse one or more coils of optical fiber wrapped one or more 
turns around a circumference of the pipe. 

73. (Withdrawn) The s/stem of claim 72, wherein the first and second an-ays of 
optical sensors each comprise pairs of reflective devices at opposite ends of the coils, 
wherein each pair of reflective devices and a corresponding coil form an interferometer 
sensor. 

74. (Withdrawn) The system of claim 73, wherein the reflective devices comprise 
fiber Bragg gratings. 

75. (Withdrawn) The system of claim 74. wherein at least two pairs of fiber Bragg 
gratings have a common reflection wavelength. 

76. (Withdrawn) The system of claim 74, wherein at least two pairs of fiber Bragg 
gratings have different reflection wavelengths. 
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